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INTRODUCTION 
Evidence was presented in our previous paper  (2)  that the order of stimu- 
lating effectiveness of aliphatic compounds applied to contact chemoreceptors 
of the blowfly follows the inverse of water solubilities with fewer contradic- 
tions than appear in most of the other comparisons attempted. In view of this 
promising interpretation it appeared desirable to test the general validity of 
the correlation by subjecting it to more extensive scrutiny. This end may be 
achieved in part by ascertaining the threshold values for certain appropriately 
selected substituted hydrocarbons. 
Of especial importance is the fact that different kinds of substitutions into 
any given  carbon  skeleton do not alter all properties  in  the  same  manner. 
Taking a  saturated chain hydrocarbon as a  starting point, one may, without 
altering appreciably the  arrangement of carbon  linkages, substitute various 
kinds of polar groups for one or more of the hydrogen atoms. Whereas all such 
substitutions raise the molecular weight and the boiling point also, the effect 
on solubility is variable. Thus, halogenation and nitration decrease solubility 
in water while amination, carboxylation, or the introduction of oxygen in the 
form of aldehyde, ketone, or alcohol radicals increases it. In the case of acids 
and bases, dissociation has a  solubilizing effect, while oxygen-containing func- 
tional groups of the types listed above owe the solubillzing effect to hydrogen 
bonding. The different degrees and direction of change which are shown by 
the various properties following substitutions of this nature contrast markedly 
with the close correlation of trends of change of all properties in any homologous 
series. 
It is this tendency of all properties to change in a relatively orderly manner 
within such a series which has imposed severe limitations on attempts to assign 
to any particular properties a major role in stimulation. From what has been 
* The work described in this paper was done under contract between the Medical 
Division, Chemical Corps, United States Army and The Johns Hopkins University. 
Under the terms of this contract the Chemical Corps neither restricts nor is responsible 
for the opinions or conclusions of the authors. 
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said in the preceding paragraph it is clear that this difficulty may be circum- 
vented to some extent by comparing the stimulating power of corresponding 
members of different series,  as, for example, ethanol, ethanediol, ethanal. We 
have undertaken in the present study to supplement data reported in earlier 
papers  with threshold determinations of additional compounds which would 
permit more numerous comparisons of this sort. At the same time we have 
been interested in analyzing more fully than was possible previously the effect 
on stimulation of increasing the number of like substitutions from one to two, 
of the interaction of different types of substituent, and of the position of the 
substituent in the molecule. We have also taken this opportunity for testing 
certain groups of compounds in which the variation of some of the properties 
departs from the orderly sequence characteristic of most homologous series. 
The technique of testing the stimulating effect of organic compounds on the 
tarsal receptors of blowflies and the methods of statistical analysis applied to 
the data have been described fully in earlier papers  (2, 4). The antennae and 
labelia were removed from 1 to 3 day old flies which were suspended from rods 
and offered the test solutions in an ascending order of concentrations in 0.1 ~r 
sucrose. Contact of the tarsi with an acceptable solution elicited an extension 
of  the  proboscis,  and  the  minimum concentration of  test  substance  which 
would prevent this response was recorded as the threshold for rejection. About 
100  flies were  tested with each compound, and from the resulting data the 
most probable  value of  the  median rejection  threshold was  determined by 
probit analysis. We wish to express our appreciation to Mrs. M. T. Yost, who 
determined the values for solubilities and boiling points not previously reported 
in the literature, and to Mrs. Frieda F. Eisenberg for assistance with the statis- 
tical analysis of the data. 
KESULTS  AND  DISCUSSION 
In Table I are assembled the statistics which define the response of our stock 
culture of P/u~rmia regina Meigen to those compounds discussed in this paper 
for which such information has not been reported previously. The earlier refer- 
ences are given in the bibliography (1-4). 
To facilitate analysis, the data will be considered under various subheadings 
as indicated below. 
1. Species  of Functional Group.--Although technical difficulties have  pre- 
vented the testing of unsubstituted hydrocarbons, it may be deduced from a 
comparison of ethanol, chloroethane, and 2-chloroethanol that in stimulating 
power the unsubstituted compounds must occupy a position between alcohols 
and chlorinated hydrocarbons. This deduction is based on the fact that intro- 
duction of a C1 increases the stimulating effect of the alcohol and introduction 
of an OH decreases the stimulating effect of the chlorinated hydrocarbon. Al- 
though no experiments have been performed which would indicate the stimu- V.  G.  DETHIER  AND  L.  E.  CHADWICK  591 
lating  effect of  the  unsubstituted  compound  relative  to  the  aldehyde  and 
ketone, we have reason to suspect from an examination of solubility character- 
istics that it would be more stimulating than either. Thus the order of stimu- 
lating  efficiency  (reciprocal  of rejection  threshold)  of the  functional  groups 
which have been studied (data from Table I  and earlier papers) is: Br >  C1 ? 
CH~ ? CHO >  C~O >  OH. Acids and amines are excluded from this and fol- 
lowing comparisons because both are more stimulating than is to be expected 
solely on the basis of chain length, solubility, etc. This accentuation of stimu- 
lating power has been attributed to the presence of hydrogen ions and hydroxyl 
ions respectively (1). 
2. Number  of Functional  Groups.--As  has been noted in our study of the 
glycols (4),  there is a  consistent decrease in stimulating  effect following  the 
introduction of a second hydroxyl group. This phenomenon is seen again when 
diethyl ether,  cellosolve, and diethylene glycol are compared (Table II a). A 
comparison of the data obtained for diones with those for ketones (2) suggests 
that the introduction of the second C~---O has little additional effect. 2,3-butane- 
dione and 2-butanone are not significantly  different in stimulating power, and 
2,4-pentanedione  is equally as stimulating  as 2-pentanone and 3-pentanone. 
In contrast with both the preceding series, with halogenated compounds intro-, 
duction of a  second halogen generally is followed by a  decrease in threshold 
(Table IIb and c). 
Of all  chemical  properties examined  the  inverse of water solubility alone 
follows consistently the foregoing changes. It is to be noted that the introduc- 
tion of a  second OH increases  the molecular weight, boiling point, and water 
solubility; the second C~-----O also increases  the molecular weight and boiling 
point,  but has little effect on water solubility; the introduction  of a  second 
halogen differs from the foregoing by decreasing  water solubility in the com- 
pounds studied. 
3. Interaction of Different Functional C-roups.--If  this idea of the importance 
of solubility is sound, it follows that the introduction  of two different species 
of functional groups,  one of which tends to increase  water solubility and the 
other to decrease it, should tend to counterbalance each other.  This is exactly 
what is found with the chloro- and bromohydrins. Both in regard  to solubility 
and threshold they are intermediate between the corresponding  alcohols  and 
alkyl halides (see Table I  and reference 4). 
4. Position of Functional Groups.--There  is now abundant  evidence to the 
effect ~at the position of the functional group on the molecule is of great im- 
portance as far as stimulation is concerned.  Examples from tests with several 
short chain compounds may be cited. A comparison of normal alcohois  with 
secondary alcohols  (2),  1,2-propanediol with  1,3-propanediol  (4),  propylene 
hydrins  with  trimethylene  hydrins  (Table  IIb  and  c),  and  aldehydes with 
ketones  (2)  shows quite  clearly  that  a  single  oxygen-containing  functional 592  TARSAL  CHEMORECEPTION 
TABLE  I 
Response of Phormia to Selected Aliphatic Compounds  in 0.1 M Sucrose  ' 
Compound  JUI 
Diethyl ether  C 
Methyl carbitol  C 
Ethyl carbitol  C 
Diethyl carbitol  C 
Butyl carbitol  C 
Methyl cellosolve  C 
Ethyl cellosolve  C 
Diethyl cellosolve  C 
C 
E 
E 
E 
13 
E 
E 
E 
E 
E 
E 
E 
E 
E 
F 
E 
C 
C 
E 
E 
E 
E 
E 
D 
E 
E 
E 
E 
D 
D 
D 
Butyl cellosolve 
Ethanol, 2-chloro- 
1-Pmpanol, 3-chloro- 
2-Propanol, 1-chloro- 
2.Butanol, 3-chloro- 
2-Propanol, 1,3-dichloro- 
Ethanol, 2-bromo- 
1-Propanol, 3-bromo- 
2-Propanol, 1-bromo- 
1-Propanol, 2,3-di- 
bromo- 
2-Propanol, 1,3-di- 
hromo- 
1-Propanol, 2-methyl- 
2-Propanol, 2-methyl- 
1-Propanol, 2,2-di- 
methyl- 
1-Butanol, 3-methyl- 
2-Butanol, 2-methyl- 
2-Mercaptoethanol 
Di-2-hydmxyethyl sul- 
fide (Kromofax sol- 
vent) 
Methane, dimethoxy- 
Methoxy methylal 
Chloroethane 
1-Chloropropane 
1-Chlorobutane 
Dibromomethane 
Tribromomethane 
Trichloromethane 
Tetrachloromethane 
Triiod0methane 
1,2-Butanediol 
1,3-Butanediol 
1,4-Butanediol 
Log molar concentra- 
,*  tion rejected by 50 
per cent :k 2.575 s.E. 
--0.523  4-  0.098 
0.271  4-  0.123 
0.035  4-  0.118 
--0.679  4-  0.133 
--1.338  4-  0.254 
0.595  4-  0.132 
--0.053  4-  0.623 
--0.625  4-  0.116 
--0,524  4-  0.099 
--0.473  4-  0.284 
-0.986  4-  0.244 
-0. 794  4-  0.251 
:-3.968  4-  0.211 
!-1.090  -4-  0.17C 
-0.738  4-  O. 187 
-1.535  4-  0.16~ 
--0.829  -4-  0.212 
-1.920  4-  0.204 
-  1.538  4-  0.132 
-0.258  4-  0.381 
0.167  4-  0.132 
-0.918  .4-  0.066 
4.992  4-  0.131 
4.726  4-  0.148 
4.940  -4-  0. 168 
5.314  4-  0.124 
5.346  4-  0.199 
5.044  4-  0.258 
4.960  4-  0.634 
5.2i3  4-  0.118 
4.953  4-  0.177 
5.058  4-  0.273 
4.814  4-  0.173 
5.045  -4-  0.169 
5.000  4-  0.142 
4.990  -4-  0.16~ 
5.039  4-  0.152 
5.084  4-  0.161 
5.421  4-  0.221 
5.3O0  4-  0.194 
5.090  4-  0.20C 
b ±  s.E.~ 
3,445  -4-  0.395 
3.197  4-  0.438 
3.671  4-  0.538 
2.553  4-  0.385 
2.209  -4-  0.572 
5.058  4-  1.168 
2.621  4-  1.375 
2. 664  4-  0.289 
4. 587  4-  0. 767 
2.482  4-  0.757 
1.856  -4-  0.293 
1.734  4-  0.331 
1.721  ±  0.369 
2.496  :~  0.399 
2.O84  4-  0.431[ 
2.576.4-  0.377 
2.914  4-  0.646 
2.595  4-  0.596 
3.923  4-  0.782 
5. 426  4-  O. 284 
15.214  4-  0.313 
14.863  4-  0.099 
5.477  4-  1. 607 
6.258  4-  1.931 
3.902  4-  0.36C 
--0.52~ 
0.18~ 
0.018 
--0.557 
--1.181 
0.586 
--0.068 
-0.545 
--0.534 
--0.49~ 
-1.087 
-0.768 
-  3.968 
--1.094 
-0.719 
-- 1. 503 
"0.684 
-1.804 
-1.515 
-0.192 
0.202 
l 
-1.176  4-  0.158 5.104 
-0.453  (estimated from 
-0.145  :/=  0.186 5.327 
0.008  4-0.1875.004 
0.024  4-  0.1294.965  4- 
-0.640  4-  0.1305.005  4- 
--=1.280  .4-  0.1744.583  4- 
-1.706  4-  0.1844.858  4- 
--2.262  -4-  0.2764.443  4- 
-2.809  -4-  0.3004.532  4- 
--2.458  -4-  0.2084.328  4- 
Saturated solution  failed to 
Saturated solutions failed to 
Saturated solutions failed to 
0.373  4-  0.13514.904  4- 
-0.642  4-  0.0865.126  4- 
-0.023  4-  0.1025.097  4- 
--0.953 
! 
-b  0.208 3.397  +  0.75C  -  1.146 
data at only 3 concentrations) 
4-  0.154!2.353  -4-  0.4671--0.006 
4-  0.142 1.955  4-  0.369!  o.o09 
l 
0.1472.906  ±  0.396  0.012 
0.1593.138  4-  0.447--0.638 
0.2504.114  4-  1.213'--1.382 
O. 287 4.058  4-  1.248 -- 1. 741 
0.1542.014  4-  0.545--2.538 
0.1461.580  4-  0.381--3.106 
0.1772.900  4-  0.686--2.690 
stimulate 50 per cent of flies 
stimulate 50 per cent of flies 
stimulate 50 per cent of flies 
0.19513.727  4-  0.719{  0.347 
0.125 1.330  4-  0.229 --0.547 
0.1162.929  4-  0.312  0.010 
No. of 
~es 
tested 
105 
100 
100 
175 
210 
99 
125 
175 
100 
100 
159 
96 
1017 
90 
103 
109 
50 
69 
68 
100 
120 
105 
55 
100 
100 
t00 
100 
t20 
50 
35 
100 
100 
100 
80 
160 
105 Compound 
2,3-Butanediol 
2,5-Hexanediol 
1,8-Octamediol 
1,3-Pentanediol, 2- 
methyl- 
2,4-Pentanediol, 2- 
methyl- 
3,4-Hexa~ediol, 3,4~di- 
methyl- 
2,4-Heptanediol, 
3-methyl- 
1,3-Heptanediol, 2-pro- 
pyl- 
2,3-Butanedione 
2,4-Pentanedione 
2,5-Hexanedione 
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TABLE I--c 
Log molar concentra- 
tion rejected by 50 
per cent -4- 2,575 s.E. 
0.188  4- 0.322 
--0.928 4- 0.133 
--1.426  4- 0.174 
--0.854 4- 0.208 
-0.100  4- 0.097 
;oncluded 
5.210  4- 0.234 
4.970  4- 0.122 
4.508  :k 0.171 
5.085  4- 0.137 
5.248  4- 0.099 
b~- s.~.$ 
2.480  4- 0.666 
2.361  4-  0.399 
2.920  4- 0.586 
1.717  4- 0.347 
2.617  4- 0.290 
~t 
--0.9~ 
--1.59[ 
--0.~ 
--0.00~ 
A 
A 
A 
C 
C 
C 
Saturated solutions failed to stimulate 50 per cent of flies 
Ssturated solutions failed to stimulate 50 per cent of flies 
Saturated solutions failed to stimulate 50 per cent of flies 
No. Of 
flies 
tested 
115 
100 
100 
100 
100 
[ 
--0.768  4- 0.2185.476  4- 0.14011.942  4- 0.354--0.523 
--1.221  4- 0.1835.114  4- 0.1361.930  4- 0.294--1.187 
[ 
--0.850  4- 0.1665.172  4- 0.1502.365  -4- 0.394--0.774 
102 
140 
120 
S.E. ffi standard error. 
* A, Chemical-Biological Coordination Center of the National Research Council; B, Shell Chemi- 
cal Corporation; C, Carbide and Carbon Chemicals Corporation; D, Phillips Scientific Specialties 
Compmay; E, Eastman Kodak Company; F, Mallinckrodt Chemical Works. 
The 4th, 5th, and 6th columns of the table give the  calculated values for a, b, and ~ in the 
equation Y  =:  a  +  b(X  --  ~), which is the regression of per cent flies rejecting, Y; expressed as 
probits, on log concentration, X. 
group on the end of the molecule or two of these groups which are  terminal 
reduces the stimulating effect less than when one or more of such groups are 
subterminal or located elsewhere within the molecule. 
An attempt to study position effect in greater detail by moving a  single OH 
progressively closer to the center of the molecule did not yield results entirely 
amenable  to  interpretation.  The  most  complete  series  studied  included  six 
pentanol isomers. As seen from Table IId  the differences in threshold between 
2-pentanol,  3-pentanol,  and  1-propanol, 2,2-dimethyl are  not  significant  nor 
do 1  -pentanol and 2-butanol, 3-methyl differ. However, the difference in thresh- 
old between  1-pentanol  and  2-pentanol  suggests  that  movement  of  the  OH 
toward the center of short chain molecules tends to increase the threshold. 
5.  Effect  of Position  on Interactions  between  Functional  Groups.--In  the  case 
of halogen substitutions, which on the whole tend to increase stimulating effect, 
such an atom in the 2 position of a three carbon molecule would enhance stimu- 
lation less than one at the end, and two at positions 1 and 2 less  than two at 
1  and  3.  However,  a  comparison of the  threshold values of  2-propanol,l,3- 
dibromo and  1-propanol,2,3-dibromo shows  little difference. This may be ex- 594  TARSAL CHEI~rORECEPTIOIV 
TABLE II 
Structure, B~iling Points, Water Solubilities, and Thresholds 
I Boiling  HlO  Thresh- 
Compound  Formula  point  solubility  old 
*C.  (molar) (molar) 
a. (Diethyl ether and corresponding mono- and dihydroxy compounds) 
Diethyl ether  CI-IsCHz--O--CH2CI-I~  34.6  1.0  0.300 
Cellosolve  CH, CH2---O--CH2CH~OH  135.1  oo  0.886 
Diethylene glycol  HOCH2CH~--O--CH~CH~OH  244.5  ~¢  2.366 
b. (Chlorohydrins) 
Ethanol, 2-chloro- 
1-Propanol, 3-ehloro- 
2-Propanol, 1-chloro- 
2-Propanol,  1,3-di- 
chloro- 
C1CH2CH~OH 
C1CH~CH2CH~OH 
CICH2CHOHCHa 
CICH2CHOHCH2CI 
128.8 
160 
127 
174 
0.337 
--  0.103 
0.161 
11 x9  0.081 
c. (Bromohydrins) 
Ethanol, 2-bromo- 
1-Propanol, 3-bromo- 
2-Propanol, 1-bromo- 
1-Propanol,  2,3-di- 
bromo- 
2-Propanol,  1,3-di- 
BrCH2CH2OH 
BrCH2CH2Ctt~OH 
BrCH2CHOHCHa 
BrCH2CHBrCH~OH 
BrCH2CHOHCH~Br 
150 
98 
219 
219 
Soluble  0.183 
0.0022 0.029 
--  [0.148 
Slightly [0.012 
 olu_ble  [0.039 
d. (Six amyl alcohol isomers) 
1-Pentanol 
1-Butanol, 3,-methyl- 
1-Propanol,  2,2-di- 
methyl- 
2-Pentanol 
3-Pentanol 
2-Butanol, 2-methyl- 
CI-Is(CH~)4OH 
(CH3)~CHCH~CH~0H 
(CI-h)~CCH~OH 
Cra(Crl,)~CHOHCH' 
CH2CH.*CHOHCH~CH: 
(CH~hCOHCH~CI-h 
138 
131 
114 
119 
115 
102 
0.27  0.076 
0.36  0.067 
0.42  0.121 
0.55  0.139 
0.64  0.124 
1.3  0.352 
e. (Isomeric six and eight carbon glycols) 
1,6-Hexanediol 
2,5-Hexanediol 
2,4-Pentanediol, 
2-methyl- 
2,3-Octanediol 
1,8-Octanediol 
I, 3-Hexanediol, 
2-ethyl- 
1,3-Pentanediol, 
2-methyl- 
HOCH2(CH2hCH~OH 
CI-Is  CHOH (CH~)  2CHOHCH~ 
(CHa)2COHCH~CHOHCH: 
CHa(CHOH)  2(CH~),CH, 
HOCH~(CH~)6CH~OH 
HOCH~CH(CH2CH~)  CHOH(CH~)~CH: 
HOCH~CH(CH~)  CHOHCHsCH2 
250 
219.8 
195 
237 
239.1 
217.7 
2.97  0.824 
0.32  0.118 
0.795 
0.02  0.0131 
0.055  O.0375 
0.051  0.0222 
0.68  ,0.140 
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i  I  I 
Boiling 
solubility  old  Compound  Formula  P~°~  nt  HtO  [  Thresh- 
.  (molar) (molar) 
f. (Isomeric butanediols) 
1,3-Butanediol  HOCH2CH2CHOHCH3  204  0.033  0. 228 
1,4-Butanediol  HOCH~(CH2)~CH2OH  230  00  0.95 
1,2-Butanediol  HOCH2CHOHCH2CHs  192  ~o  2.36 
2,3-Butanediol  CH3CHOHCHOHCH~  184  00  1.54 
g. (Cellosolves) 
Methyl cellosolve  HOCH2CHs--O--CH~  125.0  00  3.934 
Ethyl cellosolve  HOCH~CH2--O--CH2CHa  135.1  00  0. 886 
Butyl cellosolve  HOCH2CH2--O--(CH2)3CI-~  171.2  ~o  0. 299 
h. (Compounds with --O--C--O and --O--C--C--O linkages) 
Methane, dimethoxy-  CH3--O--CH~--O--CH,  44  33  1.058 
Diethyl cellosolve  CH3CH2--O---CH~CH~--O--CH2CH,  121.4  2,10  0. 237 
Methoxy methylal  CH,--O--CHz--O---CH2--O--CH~  106-108  16oo  0. 229 
Diethyl carbitol  CH3CH2--O--CH~CH~--O---CH2CH~--O--CH2CH3  187.9  0. 209 
i. (Diketo compounds) 
2,3-Butanedione  CH3(C==O)2CHa  188~39  3.0  0.171 
2,4-Pentanedione  CHaC~----OCH2C------OCH3  0.76  0.060 
2,5-Hexanedione  CHaC~----O  (CH2)2C==OCHa  192-194  00  0.141 
j. (Ether-linked compounds) 
Diethyl ether  CH-~CH2--O--CHaCHa  34.6  1.0  0.300 
Diethyl cellosolve  CH~CH~--O--CH2CH2--O--CHaCI~  121.4  2.10  0.237 
Diethyl carbitol  CH~CH2--O---CH2CH2--O--CH~CH~--O--CH~CH3  187.9  ~¢  0. 209 
plained as follows. Solely on the basis of the OH on carbon 2 in the former, 
one would expect a  measurable decrease in stimulating  power in that isomer. 
On the basis of Br at 1 and 3, however, one would expect the compound to be 
more stimulating than its 2,3-isomer. The small difference between the meas- 
ured threshold values (not statistically significant) suggests an interaction be- 
tween the two position effects as might be expected. 
6.  Branched Chains.--The effect of substituting CH8 units for H  elsewhere 
than  on  the  terminal  carbons  is  essentially  that  of  developing a  branched 
chain.  Comparisons  of  branched  with  straight  chain  isomers  indicate  that 
branching tends to shorten the effective chain length and  in  i the simpler com- 
pounds lowers the boiling point and increases water solubility. In the  alcohol 
series  tests  have been run with  the following branched  isomers:  1-propanol, 596  TARSAL  CHEMORECEPTION 
2-methyl; 2-propanol, 2-methyl; 2-butanol, 3-methyl; 1-propanol, 2,2-dimethyl; 
and  2-butanol,2-methyl.  In  nearly  every  case  thresholds  are  higher  than 
with the normal isomers. 
7.  Combined Effects of Position and Branching.--The combined effect of posi- 
tion and branching  is best illustrated by a  comparison of the  thresholds of 
some of the more complicated glycols. An examination of the results in Table 
IIe and f  shows the following: (1)  Juxtaposition of two hydroxyl groups in 
short molecules such as 1,2-butanediol and 2,3-butanediol makes for a  high 
threshold; this effect is reduced as chains become longer (e.g. 2,3-octanediol); 
(2) in a chain with no terminal --OH groups, i.e. subterminal but not adjacent 
(e.g. 1,3-butanediol and  2,5-hexanediol)  the  thresholds are  low;  (3)  if  both 
--OH groups are  terminal, thresholds are intermediate; (4)  branching  tends 
to raise the threshold, other factors being equal. 
Taken all together the foregoing results state essentially that the length of 
the free alkyl group largely determines the stimulating effectiveness and that 
its power is modified to varying degrees by the nature of the attached polar 
groups. The length of the alkyl group is also of prime importance in deter- 
mining the  solubility characteristics of compounds of this  type; hence,  the 
same structural characteristics which decrease water solubility likewise decrease 
threshold. 
8. Ether  and  Sulfur  Linkages.--Experiments  with  compounds  containing 
ether and sulfur linkages also  corroborate  the hypothesis regarding the  im- 
portance of solubility. As was shown by a  study of polyethylene and poly- 
propylene glycols (4),  the  introduction of ether linkages into a  carbon chain 
lowers the stimulating effectiveness. It was suggested by us that the reduction 
was related in some manner to the reduction in effective chain length conse- 
quent upon the introduction of --O-- and that the longer the carbon segment 
between oxygen pairs  the greater  the stimulating effect. This idea has been 
examined further by determining the thresholds (1)  for compounds in which 
one section of the carbon chain has been progressively lengthened and (2) for 
those  in  which  every  segment  between  successive  oxygen atoms  has  been 
lengthened. As illustrative of class  (1)  two series  were  studied:  (a)  methyl, 
ethyl, and butyl eellosolve  (Table II g) and (b) methyl, ethyl, and butyl car- 
bitol. In both series there is a progressive decrease in threshold as the non-polar 
portion of the molecule is increased. To illustrate class (2) comparative studies 
have been made of dimethoxymethane, methoxymethylal, diethyl ceUosolve, 
and diethyl carbitol (Table II h). Comparing dimethoxymethane with diethyl 
cellosolve  one sees that the former with one CH2 between each ---43--  is less 
stimulating  than  the  latter  with  two  intermediate  CH2  groups.  The  water 
solubility of  the  latter  is  slightly less.  When methoxymethylal and diethyl 
carbitol are examined, there is less conformity to the rule. A possible explana- 
tion of the non-conformity lies in the anomalous solubility characteristics of 
the carbitol in terms of the rest of the series of which it is a member. V.  G.  DETH.I~R  AND  L.  E.  CHADWICK  597 
In general, sulfur linkages have  the  same  reducing action on stimulating 
power as oxygen linkages, presumably for the same reasons. It would be ex- 
pected, however, that the effect would be less than that produced by oxygen 
because of the higher molecular weight of sulfur and its .inferior solubility in 
water. Thus 2-mercaptoethanol is more stimulating than ethanediol. Kromofax 
solvent, the sulfur analogue of diethylene glycol, is more stimulating than the 
glycol and likewise less stimulating than 1,4-butanediol. 
9.  Anomalous Series.--Although  the foregoing examples show, with few ex- 
ceptions, that physiological activity as here measured by chemoreception ex- 
hibits greater conformity with the solubility properties of molecules than with 
any other, the following cases indicate that other factors demand consideration. 
Two homologous series were found in which the usual correspondence between 
solubility and chain length or boiling point was lacking. The first series con- 
sists of diethyl ether, diethyl cellosolve,  and diethyl carbitol (Table IIj); the 
second, of 2,3-butanedione,  2,4-pentanedione, and  2,5-pentanedione  (Table 
IIi). It is obvious that threshold values do not correlate with either boiling 
point or chain length. It is equally clear that the correlation with solubility is 
poor. These data suggest that, while solubility is of great importance, it is un- 
doubtedly not the only factor operating in the process of stimulation. Were 
this so, it would be reasonable to expect that, of the two hundred or so aliphatic 
compounds tested to date, those possessing identical solubility characteristics 
should show equal stimulating efficiency regardless of the homologous series 
to which they belonged. 
The actual degree of correlation between the effectiveness of compounds in 
stimulation and their solubilities in water is shown graphically in Fig. 1, which 
includes all the un-ionized compounds we have tested for which satisfactory 
solubility data are also available. It has been necessary, of course, to omit the 
numerous chemicals for which rejection thresholds have been determined but 
which are completely miscible with water. 
The data for the 46  compounds shown in the graph  are fitted by the re- 
gression 
Y  =  --1.5936 +  0.8874 (X +  1.0119), 
where X  and  Y are the logarithms of solubility and effective concentration, 
respectively. The variance of a =  0.0217;  of b,  0.0136.  Thus  the  calculated 
slope  of  the  regression  is  not  significantly different from  1.  The  product- 
moment  coefficient of  correlation,  r,  is  0.951,  with  44  degrees  of  freedom. 
Neglecting for the moment other sources of variation, one may then conclude 
that threshold varies directly with the molar solubility of the compounds in 
water; i.e., that their effectiveness in stimulating the tarsal chemoreceptors is 
inversely proportional to this property. 
However, in spite of the very high degree of correlation demonstrated, the 
plot also gives evidence that other factors have a significant influence on stimu- o 
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lating  power.  This  is  seen  when  the  deviations  of  the  individual  threshold 
values from the calculated line of regression are compared with their standard 
errors of estimate. That such ratios are large in some cases is evident on visual 
inspection  of the graph,  in which the fiducial limits  for each  threshold  deter- 
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FIG.  1. Correlation between concentration required  for stimulation and solubility 
of compounds at 25-27°C. in water. 
Each of the 46 points represents a  different aliphatic compound. About 100 flies 
were used  in each threshold  determination.  The vertical lines  indicate  the fidudal 
limits of the error of estimate of each determination at the 0.01 probability level. 
mination are indicated  at  the 0.01  level of probability.  The conclusion is also 
borne out by statistical  tests: 
(1) ~  (deviation/s.F..)2 ---- x  s  =  1500, with 44 degrees of freedom; (2) Y~ (deviation)~/44 -- 
(weighted mean s.E.)  2 -- F  =  19.47, with 44 and 45 degrees of freedom. 
Both results  indicate  a  very high degree of probability  that  the deviations 
of the threshold values about the regression are due to factors other than their 
errors  of estimate;  in  other  words,  the  threshold  values  for individual  com- 
pounds  are  frequently  significantly  different  from  those  which  would  be  ex- 
pected  solely on the basis of the correlation between  threshold  and solubility 
in water.  Efforts to identify the factors concerned are being continued. V.  G.  DETHIER  AND  L.  F..  CHADWICK  599 
SUMMARY 
The rejection thresholds of the blowfly Phormia regina Meigen for a selected 
series  of  substituted  aliphatic  hydrocarbons have  been  determined  and  an 
analysis made of the  effect on stimulation  of increasing  the  number of like 
substitutions from one to two, of the interaction of different types of substit- 
uent, and of the position of the substituent in the molecule. 
The order of stimulating efficiency (reciprocal of rejection threshold) of the 
functional groups which have been studied is: Br ~> C1 ? CH3 ? CHO >  C~O 
)  OH. There is a consistent decrease in stimulating effect following the intro- 
duction of a  second hydroxyl group. The introduction of a  second C~-O has 
little effect. Introduction of a  second halogen is generally followed by a  de- 
crease in  threshold. Two different species of functional group, one of which 
tends to increase water solubility and the other to decrease it, tend to counter- 
balance each other. 
A  single oxygen-containing functional group on the end of the molecule or 
two of these groups which are terminal reduce the stimulating effect less than 
when one or more of such groups are subterminal or located elsewhere within 
the  molecule. Branching  of the  carbon  chain  decreases effectiveness. Sulfur 
and oxygen linkages also decrease effectiveness. In general, the length of the 
free alkyl group largely determines the stimulating effectiveness. Its power is 
modified to varying degrees by the nature of the attached polar groups. 
Of  all  chemical properties  examined,  solubility  alone  agrees  consistently 
with the foregoing data. Threshold varies directly with the molar solubility of 
the  compounds  in water.  The fact  that  the  threshold values for individual 
compounds are frequently different from those which would be expected solely 
on the basis of the correlation between threshold and solubility in water sug- 
gests that other factors are also concerned in stimulation. These have not yet 
been identified. 
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